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Abstract 
The Eelgrass Tool explains the indirect relationship between nutrient concentration and the depth at which 
eelgrass is able to grow at; this is the best and only model for obtaining a good ecological state. Thus, allowing for 
it to be easily misused. This paper researches the pros and cons of the Eelgrass Tool, and why and how different 
papers come to different conclusions, based on the same data. Furthermore, this tool was evaluated from holistic 
and reductionistic viewpoints. One problem found was that the eelgrass takes a lot longer rehabilitating than 
disappearing, which the Eelgrass Tool has not considered. For the Eelgrass Tool to work, more factors need to be 
considered. Although there are numerous factors, which affect the eelgrass, it is incredibly complex to determine 
the major factor, especially as eelgrass is used as an indicator for different water bodies. When discussing the 
Eelgrass Tool it is viable to also include the contradicting arguments between DHI and DCE. When viewed from a 
reductionist perspective, the Eelgrass Tool is found to be a sufficient model which thrives from the models 
simplicity, whereas holism argues that the model is too simplistic to describe a system as complex as a given 
biotope which in turn leads to wrong conclusions based on over simplifications of factors. 
 
1 INTRODUCTION 
Models and simulations are being used to 
mimic reality increasingly through the 
years. Although many simulations are only 
performed with the help of computers due 
to the complexity of them, some models and 
simulations are able to be performed in real 
life situations, an example of this would be 
the Eelgrass Tool, on which this project 
focuses around. This model explains the 
indirect relationship between nutrient 
concentration and the depth at which 
eelgrass is able to grow at (an estimate of 
how deep the eelgrass can grow indirectly 
indicates how far it can distribute). The 
Eelgrass Tool, was chosen as the best model 
for obtaining a good ecological state, in view 
of it being a simple model that is easy to 
observe, hence it is therefore easy to detect 
if the eelgrass is present at the amounts 
needed. This model does not lack all the 
necessary aspects for reflecting reality, 
however, this model may not be completely 
reliable when performing such a broad and 
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general study; this has resulted in 
contradicting arguments between 
collaborators. This project takes a look at 
the contradicting arguments regarding the 
use of the Eelgrass Tool between two 
collaborators, namely, Danish Hydrological 
Institute (DHI) and Danish Centre for 
Environment and Energy (DCE), formerly 
known as Danmarks Miljøundersøgelser 
(DMU). Specifically, this project looks into 
one criticism point from a 2010 DHI report 
and a counter report from DCE. 
The criticism coming from DHI regards the 
incapability to describe eelgrass population 
distribution and abundance as a function of 
nutrient concentration. DHI’s report 
suggests that temperature is the most 
important factor for the distribution and 
abundance of eelgrass. DCE disagrees with 
this point by stating that the nutrient 
concentration is the most important factor 
regarding eelgrass distribution and 
abundance.  
Fortunately, here in Denmark, there is a 
very detailed record of the eelgrass 
populations over many years. 
Despite this, collaborators such as DHI and 
DCE can reach contradicting conclusions 
due to various reasons. This project aims to 
investigate whether the reasoning behind 
these contradicting conclusions is due to a 
misuse of the Eelgrass Tool or because this 
model is not an accurate enough 
representation and reflection of reality. 
This paper also aims to evaluate what the 
Eelgrass Tool actually describes and 
whether it may or may not be valid to 
project into the future if it only considers 
and describes a diminishing eelgrass 
population and does not take into 
consideration other significant aspects and 
factors.   
The downside of the Eelgrass Tool is its 
simplicity, as it receives a lot of criticism for 
it. The tool is reductionist, meaning that 
only parts of the ecosystem are being 
analysed separately, and then the dynamics 
of the whole system is derived. But is it 
possible to make it a more holistic tool, 
meaning it includes all the different factors, 
and is then able to extract the knowledge 
needed? The chances are that it becomes 
too complicated and too difficult to work 
with. The paper looks into the pros and cons 
with the Eelgrass Tool with both a holistic 
and reductionist viewpoint.  
1.1 THE AQUATIC ENVIRONMENTAL PLAN 
(AEP) AND THE WATER FRAMEWORK 
DIRECTIVE (WFD) 
In the mid-1980s, it started becoming 
significantly noticeable that Danish water 
bodies were at harm due to ecological 
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threats such as Eutrophication, in other 
words, the water bodies were receiving 
excess amounts of nutrients thus causing 
sudden spikes of plant growth. (Grant et. al. 
2006). As a result, the Danish Parliament 
started to set plans and aims to reduce the 
impact of such threats on inland and local 
water bodies, which resulted in 1986 in the 
form of a plan to better the Danish aquatic. 
In 1986, a regulation on the nitrogen-
loading was set in stone, the farmers were 
to reduce loading of nitrogen-fertilizer by 
49%. These numbers were a political 
decision, made to make sure something was 
done about the Eutrophication that had 
started in the Danish water bodies 
(Danmarks Miljøundersøgelser 2006). In 
the first out of three Aquatic Environmental 
Plans, AEP, the general aim was to reduce 
nitrogen leaching from the root zone by 
50% within 6 years; this however, was not 
achieved due to agricultural practices not 
changing significantly (Danmarks 
Miljøundersøgelser 2006). Thus, 
introducing the second AEP with a more 
specific and detailed approach to 
implement even more restriction of 
fertilizers with a nitrogen quota system, and 
organic manure, improved animal fodder 
use as well as alternative use of agricultural 
areas. Lastly, the third AEP also had a more 
specific aim to reduce nitrogen leaching by 
13% at least by 2015 since 2003. In general, 
Denmark’s main aim is to reduce nitrogen 
loading into local water bodies in order to 
protect these water bodies from this 
ecological threat. (Miljøministeriet 
Naturstyrelsen 2004) 
Today, the AEPs have undergone a lot of 
change, and are currently in the 3rd stage, 
and scientifically both the means and the 
goals have been strengthened. Since the 
third AEP, the EU Water Framework 
Directive (WFD) has become more involved 
in present and future plans to protect these 
water bodies from ecological threats. 
The WFD is a water protection 
collaboration, which for the case of 
Denmark essentially carries on the work 
established by the previously implemented 
AEPs, and has set a goal for all the European 
waters, to have a “good environmental 
status”, as according to the EQR-scale 
(Ecological Quality Ratio) from the 
European commission (Wouter van de 
Bund 2007), by 2015 and that the use of 
water, throughout all of Europe, should be 
sustainable.  The key elements of the 
legislation are in their own words: 
 The protection of all waters - rivers, 
lakes, coastal waters and 
groundwater. 
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 The setting of ambitious objectives 
to ensure that all waters meet “good 
status” by 2015. 
 The requirement for cross border co-
operation between countries and all 
involved parties. 
 Ensuring the active participation of 
all stakeholders, including NGOs and 
local communities, in water 
management activities. 
 Requiring water pricing policies and 
ensuring that the polluter pays. 
 Balancing the interest of the 
environment with those who depend 
on it. (European Commission 2002) 
 
If Denmark was to use eelgrass as an 
indicator for ecosystem conditions it would 
require a reduction of 60% nitrogen load, in 
Odense Fjord, before 2015 in order to reach 
a condition of ‘good’, meaning that the value 
between a given bio indicator’s current 
conditions and chosen reference conditions 
of the same bio-indicator do not stray too 
far. The condition of ‘Good’, in the case of 
Odense Fjord, is defined through the use of 
reference conditions of eelgrass 
distribution from the early 1900 (Petersen 
2009). 
The AEPs were focused on the Danish land 
use and the water bodies surrounding 
Denmark, but as they were developed 
throughout the years, it was becoming clear 
that other countries had shown interests of 
achieving similar goals, whether their 
methods were just as similar or not. It 
seemed that most, if not all, had an 
increasing demand by citizens and 
environmental organisations for cleaner 
water bodies concerning their own, and 
surrounding countries. Thus the WFD was 
set in motion. 
The WFD aims more towards the 
cleaning and preservation of European 
water bodies, small and large, and focus 
largely on the mitigation strategies; but due 
to its involvement with multiple countries, 
it can alternatively solve other issues, such 
as the possibility of Danish water bodies 
being affected by external water bodies like 
the Baltic Sea. With the directive having 
been set in motion in 2000, its notable 
difference from the AEPs is the way it 
prescribes steps to reach the common goal 
rather than adopting the more traditional 
approach by simply limiting certain factors, 
such as flat out lowering the content of 
nitrogen in fertilizer. [Interview with Søren 
Laurentius Nielsen & DHI report on where 
the nutrient loads is coming from]  
 
It should however be noted that the method 
and expectations of the WFD might be above 
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what may be realistic; ecosystems may 
never be able to return to their reference 
conditions. Ecosystems are very complex 
and having oceanic waters loaded with 
nutrients, can lead to changes in how the 
system works, if too much nitrogen gets into 
the ecosystem it can lead to Eutrophication 
and if too little gets into the ecosystem, 
Oligotrophication. Oligotrophication is used 
as a mean to counter Eutrophication and the 
goal is for the ecosystem to return to the 
reference condition chosen before the onset 
of Eutrophication happened, the problem 
being that this is a simplified scenario, since 
the ecosystem most likely will not be able to 
return at the same rate it has diminished. If 
the condition of water clarity based on 
chlorophyll is used as a reference condition 
a different picture is shown (Duartes et. al 
2008). In this case returning the nutrient 
loads to their former load, while lowering 
the chlorophyll concentration, it does not 
return it back to the reference point, in the 
case of Odense fjord a shift in baseline 
(calculated reference point is based on a 
value which has changed before the 
Eutrophication onset) and Regime shift 
(hysteresis effect, a lag phase which 
ecosystems may experience when certain 
conditions change to a different stage) mean 
that the intended chlorophyll a 
concentration is not reached within the 
predicted time period (Duartes et. al. 2008). 
This in turn would indicate that perhaps 
tools such as the Eelgrass Tool to measure 
good ecological conditions may be faulty in 
their use. 
1.2 THE LAURENTIUS EQUATION 
In the later discussions behind each AEP 
decisions, a tool developed from a close 
study of eelgrass families surrounding 
Denmark was widely used to bring in the 
science behind the damage and possible 
solutions to these issues. This tool, 
previously referred to as the Eelgrass Tool, 
relied on an equation named the Laurentius 
Equation, formulated by Søren Laurentius 
Nielsen, which made sense of all the data 
gathered throughout the years of studying 
the eelgrass families. It was known for 
identifying and predicting critical relations 
which heavily influenced the eelgrass 
growth, such as nutrient surplus affecting 
the phytoplankton biomass, the 
phytoplankton biomass along with the 
suspended matter affecting the Secchi depth 
- a measure of the water’s turbidity (Secchi 
Depth n.d.), leading to the Secchi depth then 
affecting the eelgrass depth limit. The 
relationship between the Secchi depth and 
the depth limits for eelgrass, brown algae, 
and other macro algae is described with the 
equation: 
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𝑍𝑐 = 𝑎 + 𝑏 ∙ 𝑍𝑠 
 
with Zc being the depth limit for growth 
eelgrass, brown algae and macro algae and 
Zs being the Secchi-depth, both Zc and Zs 
are in meters. a is a constant, and b is the 
slope, they are given ± 95% confidence 
limits.  
The equation therefore establishes a 
connection between Secchi depth and 
eelgrass depth limit, which is needed for the 
Laurentius equation: 
 
ln(𝑍𝑐) = 𝑎 + 𝑏 ∙ ln⁡(𝑇𝑁) 
 
with TN being the total nitrogen 
concentration. 
The Laurentius equation itself describes the 
relationship between the total nitrogen 
concentration and the depth limits for 
eelgrass, brown algae, and other macro 
algae found in the coastal waters.  
This means in total that too much nitrogen 
will lead to algae bloom, and therefore less 
light for the eelgrass, which in the end will 
result in the eelgrass boundary moving 
further up. (Nielsen et al. 2002) 
2  PROBLEM FORMULATION AND 
FIELD 
Which phenomenons influence the full 
potential of the Eelgrass Tool (optional: 
viewed through a reductionist or holistic 
approach)? 
Sub questions: 
1. How can organisations reach different 
conclusions using the same model? 
(example with DHI/DCE) 
2. What are the strengths and 
weaknesses of the Eelgrass Tool when 
viewed from the perspectives of 
holism and reductionism 
respectively?  
3. How is historical data converted into 
new data with focus on wave height in 
DCE/DHI reports? 
4. Which points of criticism have been 
raised towards the Eelgrass Tool as a 
relevant model in regard to the Danish 
Aquatic Environmental Plans? 
When taking into consideration the AEPs and 
the use of the Eelgrass Tool in connection with 
them, this paper looks at the points of 
criticism concerning the relation between the 
tool and the plans and the extent to which the 
Eelgrass Tool is a useful and relevant model 
with regard to the AEPs. 
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3   METHODOLOGY 
As the focus of this project is to assess the 
dependability of the Eelgrass Tool as an 
indicator and how accurately it reflects 
reality, this paper needed to find information 
and data on this, likely and preferably, for and 
against the use of this tool in order to make a 
general assessment of it and the views of the 
collaborators involved. 
The information that was to be gathered in 
various ways, was initially largely focused on 
the AEPs, however, this was to a lesser extent 
as the project progressed. Furthermore, 
information on the Eelgrass Tool itself as well 
as the contradicting arguments regarding the 
tool between DHI and DCE was sought after. 
These contradicting arguments were chosen 
for this paper as these collaborators used the 
same data and information on the Eelgrass 
Tool, when assessing its indicating properties 
of a tool and still came to different 
conclusions; thus, providing an interesting 
assessment on the different views of these 
collaborators. This project spent time 
researching holistic and reductionistic views 
in order to incorporate these into the analysis 
so that it could be concluded which view 
seems to be more beneficial if there was one 
view. A lot of information and data from and 
of the DCE and DHI reports was found in order 
to compare the two so that this paper could 
not only analyse the differences between 
them but to also, more importantly assess the 
holistic and reductionist views in these 
reports. 
Throughout this project, literature has been 
gained mostly through the use of search 
engines in order to find scientific articles, e.g. 
ISI’s Web of Science, a website only listing 
peer-reviewed papers. Whilst browsing 
through such websites, topics of importance 
to this paper, namely, environmental biology, 
water chemistry, risk assessment regarding 
agriculture and aquatic environments, 
holistic and reductionistic view points and of 
course, eelgrass (Zostera marina), will be 
focused on. Tables and graphs shown in this 
paper were put together for this paper by 
using data provided in the literature used 
throughout. Literature regarding the Eelgrass 
Tool, eelgrass itself and nutrient loading was 
also provided by this paper’s supervisor and 
Søren Laurentius Nielsen, a professor at 
Roskilde University (RUC) with whom an 
interview was held with, who has been 
involved in the development of the AEP’s, 
specifically through his development of the 
Laurentius Equation touched on earlier. 
Initially this project made contact with 
representatives from the Danish Nature 
Preservation Association (DN) and Roskilde 
University (RUC) in order to hold interviews 
with them regarding the past and current 
development of the AEPs. However, due to a 
slight change in focus along the way leading to 
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lesser focus on the AEPs, the interview with 
Henning Mørk Jørgensen from DN was 
disregarded; although, the interview with 
Søren Laurentius Nielsen is still relevant and 
useful. This interview transcript is shown in 
the Appendices, although, points from this 
interview are referred to throughout this 
paper. This interview was to provide this 
paper with a more detailed background into 
the development of the Eelgrass Tool. The 
interview helped to acquire insight from 
someone directly involved in the use and 
development of it to hear his opinion on 
whether he believed it was being misused or 
not and the potential of it as a good indicator 
tool and therefore a good reflection of reality. 
 
3.1  RELATION TO SEMESTER THEME 
This project is focused on the use of 
simulation models, namely, the Eelgrass 
Tool and how well it reflects reality; the 
theme of the project is reflection on natural 
science as a social phenomenon and the role 
of natural science in its basis for laws and 
regulations. The project tries to analyse 
modelling from the perspectives of holism 
and reductionism respectively, these views 
would then be discussed based on two 
articles which have argued for and against 
the use of the Eelgrass Tool as a bio-
indicator for good oceanic ecosystem 
conditions. Using holism and reductionism 
would also give a lead on how different 
collaborators end up with different results; 
this will be further expanded upon by 
discussing how historical data can be used 
to derive knowledge from past ecological 
conditions which can be used to form 
“reference conditions” on which reversal of 
ecological conditions can be based. The 
project will also be looking at ongoing 
changes in scientific argumentation when 
used as a basis for societal decision making. 
 
4 BACKGROUND 
4.1  ZOSTERA MARINA (EELGRASS) 
Eelgrass, Zostera marina, (figure 4.1) is the 
most abundant seagrass species throughout 
Scandinavia and The United Kingdom as it 
dominates the sandy and muddy sediments in 
these coastal areas of low to moderate wave 
exposure. It covers 80-100% of the seabed’s it 
rests on; however, although it thrives in some 
coastal regions, it is declining in the coastal 
regions of the most developed and populated 
countries, especially around Europe and 
Northern America. There has been and is a 
global decline of this species of seagrass at 
1.4% covered area per year (Short, F T et al. 
2014). Eelgrass has been of commercial 
interest as it provides protection for fish 
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spawn. It has also proven to be an important 
bioengineer that defined most of the former 
Danish aquatic environment. 
 
Fig. 4.1 The different life stages of eelgrass. (North 
Regional Council 2014)  
 
According to the Environmental Efforts Law 
and the Water Framework Directive (WFD) 
the water areas need to obtain a “good 
ecological state”, at the end of 2015. A “good 
ecological state” in a marine area, when it 
comes to the eelgrass’ depth spread, means 
that there must be a deviation (reduction) at 
a maximum at 26% from the original state, 
which is the state untouched by humans.  The 
water areas do not yet obtain a “good 
ecological state”, and therefore the aim of this 
project was to see if it was the tool itself that 
was the problem, and if so, if it was possible to 
change it. 
The eelgrass relies on a number of factors to 
thrive, these are as follows: 
 Light: The availability of light plays the 
most significant role when it comes to 
the seagrass depth limit. It relies on 
the Eutrophication level and thereby 
by the nutrient levels in the water. It is 
this sensitivity towards the changes in 
availability of light that is the reason 
for the eelgrass being used as a tool. 
 Salinity: Eelgrass has its optimal 
growth rate within the salinity of 20-
25%o, but is tolerant at levels between 
5-35%. 
 Oxygen: Oxygen depletion will kill off 
the plant species. 
 Temperature: The effect of 
temperature is very little, compared to 
the other factors (in Denmark 
specifically; since this differs in 
various coasts where eelgrass grows 
around the world). 
 Sediment quality: Bad sediment 
quality can restrict the Eelgrass a great 
deal. A bad sediment quality can be a 
high level of organic matter in the 
sediment, which can disturb the 
eelgrass plant directly, or by indirectly 
affecting the oxygen depletion. 
 Sediment stability: This has great 
significance for the eelgrass, for which 
without, it cannot anchor to the sea 
bottom. The stability relies on the 
sediment quality and the wave 
exposure. 
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 Epiphyte stands: Epiphyte growth on 
the leaves of eelgrass can restrict the 
plants availability to light. 
 Filamentous algae mats: These 
filamentous algae mats can grow to 
such an extent that they can take up 
space from the eelgrass, or move with 
the stream into the areas of the 
eelgrass. This can affect the 
availability of light for the eelgrass 
plants, and has a big oxygen use and 
therefore leads to oxygen depletion 
underneath the mats. The occurrence 
of the filamentous algae mats relies on 
the Eutrophication levels and the 
salinity. 
 Time: Eelgrass spreads very slowly, 
and re-colonization can be delayed by 
bad sediment quality and -stability, 
and appearance of filamentous algae 
mats. (Miljøministeriet Naturstyrelsen 
2011) 
 
4.2 THE EELGRASS TOOL 
The Eelgrass Tool is a model that uses the 
eelgrass in Danish coastal areas as an 
indicator for good or bad environmental 
status. The model suggests that, since the 
“reference-point” for the model - the point 
back in the late 1800, that is deemed good 
environmental status - the area covered by 
eelgrass has been reduced, and that this 
reduction is caused by the increased 
amount of nitrogen loaded. 
The Eelgrass Tool consists of three part 
elements: 
·       The empirical correlation between 
the depth distribution of eelgrass 
and the nitrogen concentrations in 
the summer period, here including 
the conversion of the nitrogen 
concentrations from the summer 
period to an annual average. 
·      Site specific empirical relation 
between the nitrogen concentration 
(in an annual average) and the 
annual nitrogen load. 
·      The use of calculations in water 
plans with considerations of 
uncertainty for the definition of the 
action needed. (Miljøministeriet 
Naturstyrelsen 2011) 
 
The reason for this projects focus on the 
Eelgrass Tool is, that the tool currently is the 
main focus of a wide debate, concerning the 
implementation of the WFD, it has been 
suggested that eelgrass could be a valid bio-
indicator for the ecological conditions of 
inner ocean waters (Petersen 2009). 
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4.3 CONTRADICTING SCIENTIFIC ARGUMENTS 
The theory of scientific argumentation 
consists of having evidence which is used to 
determine the validity of the arguments and 
aspects of the arguments up for discussion. 
In different types of argumentation there 
are often patterns; an initial idea, claim or 
even hypothesis which requires evidence 
and further observations in order to be 
understood and for the validity of it to be 
efficiently evaluated and confidently 
determined (Understanding Science 2014). 
These observations and evidence are 
modified, debated and verified by 
numerous qualified and unbiased scientists; 
this being the main difference between 
claims and scientific facts. Once a claim has 
been made and justification of the evidence 
is in the peer reviewing process, other 
scientists often make contradicting 
arguments and conclusions based on the 
same information and evidence. As debate 
takes place and the background of scientific 
argumentation is criticized by other 
scientists the results often contribute to the 
discourse, which in this case is the AEP. 
4.4 THE EELGRASS TOOL DEBATE 
Many different stakeholders have special 
interest in the AEP, this being both 
collaborators and regular people, since it 
has a lot of influence on a lot of people’s 
everyday life. This is mostly farmers, who 
have had to change their farming and 
fertilizing routines because of the reduced 
amount of nitrogen-fertilizers the farmers 
are allowed to spread on their fields. These 
amounts have been lowered throughout the 
years because of the AEP, and the 
background for the reduction in fertilization 
lies with the Eelgrass Tool. 
This lowering of nutrients in the Danish 
fields has interfered in the daily routine of 
the farmers, and Danish Agriculture has 
requested research regarding a re-
evaluation of the Eelgrass Tool as a viable 
model for assessing the reduction in the 
nitrogen threshold. 
The requested report was done by the 
Danish organisation DHI, and the 
conclusion of this report was, based on 
some observations, along with some 
modelled data, that the eelgrass does not 
provide a precise enough indication on 
whether the environmental status is due to 
the loaded nitrogen, for the Eelgrass Tool to 
be effective as an indicator-model. Their 
conclusion is that the eelgrass population is 
more affected by changes in temperature, 
than the amount of light reaching the depths 
of Danish water bodies. 
A report was written afterwards by DCE, 
commenting on DHI’s findings in their 
13 
 
report. It is DCE’s belief that the Eelgrass 
Tool is sufficient enough to indicate 
environmental status. 
5 ANALYSIS 
The two main criticisms of the Eelgrass Tool 
are as follows: 
 The Eelgrass Tool is unfit to describe 
the connection between 
environmental status in the coastal 
waters and nitrogen exposure. This 
is justified in that for many coastal 
waters there has been no 
documentation of a greater depth 
distribution of eelgrass as the 
nitrogen load is reduced, and that the 
marine environment does not 
necessarily return to the previous 
state. In addition, other factors also 
come into play in the presence of 
eelgrass, for example, fishing, 
physical modification, and changing 
climate conditions, concerning the 
criticism that the Eelgrass Tool is too 
simple to be considered as a good 
reflection of reality. 
 According to the DHI, wrong 
statistical principles are being used 
of the Eelgrass Tool for calculating 
reduction needs (including the 
selection of observations.) 
(Miljøministeriet Naturstyrelsen 
2011) 
 
5.1 ANALYSIS OF THE DHI><DCE DEBATE 
When working with any model, regardless 
of the research that is being performed by 
the use of the said model, it is crucial that 
you only make use of the model in the given 
situation it is designed for. This is 
important, since misuse of any kind of 
model makes your results incomparable 
with other studies, which has been using the 
same model. 
Consistency is also important when 
modelling data. Not only do you need to 
model the correct data, but when modelling 
data over a long period of time, like both 
DCE and DHI do, you will have to make 
certain that every number you put into your 
model is comparable with the other 
numbers that you are using. Using 
incomparable data will yield misleading and 
useless results. 
 
When looking at the two reports that are in 
focus in this project, a lot of contradiction is 
encountered. DHI claims, in their report, 
that visibility in Danish waters has 
increased, and that this is due to the 
reduction of fertilizers loaded on the Danish 
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fields. This is the point where DCE and DHI 
contradict each other the most in their 
reports; DCE stating that there have been no 
improvements in the visibility of the Danish 
waters. These differences in results have 
occurred even though DCE and DHI 
seemingly have been doing the same tests 
and analysing the same data. This is where 
every single digit becomes noticeable, when 
looking at the comparability of the results of 
the two reports, and this is mainly where 
the contradicting results stem from. 
DHI’s report contains an analysis on data 
covering the timeframe 1989-2006. In this 
period of time, the data for visibility (Secchi-
depth) in the Danish waters has been 
changed, to correct for wave height, which 
in general gives higher visibility. This 
change was implemented in 1999. 
DHI has been using numbers from 1989 to 
1999 without correction for wave height, 
but in the same analysis used number from 
after 1999, which has been corrected to 
adjust for wave height. This will give them 
average results pointing towards the 
conclusion that visibility has increased over 
the researched timeframe, and will lead to 
the further conclusion, that because the 
eelgrass population has not increased with 
the improved visibility, the Eelgrass Tool is 
insufficient as a tool for measuring good 
environmental status. This goes against 
what was mentioned earlier, since this 
research is not consistent in its use of data. 
The data used has two different thresholds 
for measuring Secchi-depth, which makes 
the results misleading and incomparable. 
This being said, the DCE report only uses 
data that has not been corrected for wave 
height (Danmarks Miljøundersøgelser, 
2010), making their data input more 
consistent, yielding an output that, 
according to what has been mentioned 
earlier, is more reliable than that of the DHI 
report.  
These different results are both based on 
research of the same nature, but the 
methods of which the research has been 
conducted are very different, and this is why 
they reach very different results. 
DHI concludes that temperature has a 
bigger impact on the eelgrass population, to 
which DCE somewhat disagrees. They still 
state that light is the most important factor 
for eelgrass to thrive, but as it is written 
earlier in this report, there are a lot of 
different condition that needs to be fulfilled 
for eelgrass to really thrive, and for an 
eelgrass-population to increase. This is why 
DCE only somewhat disagrees with DHI’s 
conclusion, because DCE also see that 
temperature is a factor that is relevant to 
the wellbeing of an eelgrass-population, 
though not as relevant as the light. This 
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leads on to the points of criticism that have 
been listed in the beginning of this chapter, 
showing that the Eelgrass Tool is too simple 
to be of any value.  
 
5.2 FROM GENERALIZATION TO 
SIMPLIFICATION AND VICE VERSA 
Reductionism is based on the classical 
Newtonian belief that a complex system can 
be broken down into smaller pieces or steps 
of a continuous process, and thereby 
studying the properties of these smaller 
pieces instead of the system as a whole. This 
means that the different pieces of the 
complex system can be studied individually 
allowing for further attention to detail and 
understanding of each part of the system. 
When all of the individual parts of the 
system are understood, the dynamics of the 
whole system can be derived. The holistic 
viewpoint on the other hand, means taking 
the complex system as a whole, without 
breaking it down into simpler pieces to 
understand it. The assumption for holism is 
that the whole system cannot be 
understood completely if it is broken down 
into smaller pieces, this will instead lead to 
the whole dynamics of the system being 
broken. The focus in the holistic approach is 
on the relationships between the 
components. It is stated that in holism, the 
whole is more than or different from the sum 
of its parts. This therefore shows that in the 
holistic view, it is believed that when a 
system is broken down into smaller parts, 
the system as a whole is missing the whole 
truth, and a reductionistic approach can 
therefore never lead to the actual truth or 
reflect reality accurately. (Østreng n.d.) A 
holistic view may seem to be a more 
trustworthy and honest reflection of reality 
and in many cases it is; however, due to the 
complexity a holistic approach on a model 
such as the Eelgrass Tool, it may deem too 
complex to explain or understand using this 
method. 
 
Figure 5.1 shows the differences between 
the reductionistic and the holistic point of 
view.  
The reductionist researches a domain that 
is studied as a set of research units that is 
subdivided into observation units. The 
assertion of the observations is to be 
constructed on the basis of a theoretical 
concept and as relations between these 
different concepts. These concepts are 
subdivided into variables; this is to become 
the complete data. This means that the 
reductionistic researcher tries to get an 
insight in reality by analysing a data-set. 
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Fig. 5.1 Reductionistic versus holistic empirical 
research. (Verschuren P. M. 2001) 
 
The observations can then be made in a row 
of different ways; the stimulus-response is 
mostly for the social sciences, where 
questions and statements are gathered in a 
written questionnaire or an interview, pre-
structuring is a questionnaire where it is 
closed questions and pre-coded answers, 
this is a very systematic way of observing, 
since there is a specific number of possible 
answers. The serial way of proceeding, is 
that instead of looking at the study subject 
as a whole, you look at the different parts, 
one by one. As goes for the research 
strategies, then there are three major 
characteristics: quantification, a linear-
serial way of proceeding, this means that 
the research is done in a very specific and 
strict way, and a deductive and analytical 
way of reasoning, analytical thinking is the 
perception of differences between the 
observation units, the deductive thinking is 
a kind of reasoning from the general to the 
more specific. 
Where reductionistic research is a more 
variable-oriented approach, the holistic 
research is more case-oriented. Compared 
to reductionism, the holistic research is a 
little more unstructured or chaotic for that 
matter. The answers to the questions given 
are way more open than that of the 
reductionist. The research strategies are 
very different of that of reductionism, 
instead of quantitative comparisons, it is 
qualitative comparisons. Instead of a 
planned serial-linear way of researching, it 
is done in an iterative-parallel strategy, 
where the researcher changes the research 
in an unplanned order, depending on what 
he or she finds in the progress. The holistic 
approach involves analogous thinking, 
meaning perception of similarities, and 
inductive reasoning, which is reasoning 
from specificity to generality. (Verschuren 
P. M. 2001) 
 
As for the main criticisms of the Eelgrass 
Tool, the first criticism is basically saying 
that the Eelgrass Tool is reductionistic 
where it should lead more towards being 
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holistic, and therefore having a more 
realistic view on the system as a whole. 
 
DHI describes and attributes the Eelgrass 
Tool to be no more than an expensive 
thermometer, as opposed to the proposition 
for the tool to be used as an indicator of 
good environmental status (DHI 2010). If 
one was to take this point and apply the 
holistic view of science, the model should 
perhaps have temperature incorporated 
into it, or made so that it would also take the 
temperature dependence of eelgrass into 
account. In the holistic view ecological 
models in general have to be expansive and 
include as many different factors as possible 
to account for the complexity of ecosystems 
and as previously stated, eelgrass. In this 
lies the weakness of the Eelgrass Tool, if it is 
to be used to predict how the ecosystem 
conditions will be in the future, it only takes 
the nitrogen load into account at any given 
point of time and leaves out the other 
factors such as the growth rate, generation 
time and life stages of Zostera Marina.  
 
As the Eelgrass Tool now stands as a rather 
simple model that does not take into 
account every factor affecting the 
abundance of eelgrass communities, it 
cannot simply place each factor together. 
Eelgrass communities are affected 
differently by nutrients, sunlight, turbidity 
and the numerous other factors at the 
different life stages of the plant. Therefore, 
focus really needs to be placed on the life 
stage of this species in order to account for 
more reliable results. 
Thus, from a holistic approach, the tool 
seems to be a better and more efficient 
reflection of reality with the more factors it 
considers as only by considering different 
factors, is one able to determine if a certain 
factor is negligible. Analysis of a system as a 
whole, as holism defines, means that every 
aspect and factor in this system is seen as 
one. Thus, every aspect and factor may not 
be understood on its own, so the functioning 
of this system cannot be broken down in 
order to understand it (Oshry, Barry. 2008) 
(Auyang, Sunny Y. 1999). This means that 
each component involved in this system is 
likely to be influenced by the other 
components which will consequently have 
an effect on the system as a whole. Making it 
unclear to determine if it is only a specific 
factor is responsible for the outcome of data 
or the contribution of the factors together. 
The biggest criticism of the Eelgrass Tool is 
from the DHI which is much more in favour 
of the holistic approach and would believe 
the tool to be a better reflection of reality if 
18 
 
it considered more than just the nitrogen 
load at a given time. Since climate change is 
an increasing threat, it would make sense to 
consider at least the sunlight and 
temperature in the workings; however this 
does complicate the process of testing, 
although it may be necessary to determine 
the reliability of this tool. 
As mentioned earlier, whilst assessing the 
use and misuse and reliability of this tool, 
DCE used data throughout many years 
without at any point changing their 
methods, even with the regulatory 
standards for methods of testing changing 
in 1999. Despite the fact that the no change 
in testing methods keeps their data 
consistent, these regulation standards play 
a part as they are the results of numerous 
projects and testing. Furthermore, although 
consistency is relatively trustworthy, it does 
not confirm complete accuracy; it shows a 
relatively reductionistic approach taken in 
this particular case.   
A holistic approach and view on a system 
such as the Eelgrass Tool system, allows for 
a complex, broad and thoroughly described 
analysis to be done. Due to the complexity of 
this approach it cannot be applied to a 
general study. To elaborate on that point, a 
holistic approach studies a system in depth 
and considers many factors and the 
properties of these factors in a very specific 
and detailed manner. Thus, due to such a 
descriptive and precise study, this way of 
analysing this system can only be done for a 
specific area as factors in all different areas 
with eelgrass communities differ 
remarkably. Different areas can be from 
inner to coastal water bodies or even 
streams to lakes. Therefore, if a holistic 
approach is taken, it does provide more 
detailed and so more reliable data and 
information, but it would only reflect the 
water body state in one area. In this way, the 
reductionist perspective and approach 
would be beneficial as due to the simplicity 
of this approach, one would be able to test 
many more areas. The downfall to this 
would of course be that less detail would be 
noted and so less specific and likely less 
accurate and reliable data reflecting reality 
would be provided. 
After considering both perspectives, and 
when assessing the reliability of the 
Eelgrass Tool as a good reflection of reality, 
it would make sense to take the holistic 
approach as it is always better to account 
for every detail as much as possible in order 
to get as accurate reflection of reality as 
possible, despite the complexity involved. 
However, in order to somewhat simplify the 
holistic approach and possibly make this 
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tool more reliable, it may be an idea to apply 
this tool to groups of certain factors. What is 
meant by this is that, it may be a better and 
simpler approach to first divide water 
bodies into groups with the same properties 
such as the same levels of salinity, turbidity 
and nutrient loading for example. By doing 
this, more water bodies can be considered 
in one study and one factor contributing to 
the growth and rehabilitation of eelgrass 
communities is already common, thus 
providing a standard factor in which to rely 
on to an extent. More groups that the water 
bodies could be placed under could be how 
populated the eelgrass communities are as 
well as how close within range are 
populations to neighbouring populations in 
order to receive fresh seeds from each 
other. By doing such a grouping system, the 
holistic approach is still the major 
perspective but a more simplistic approach 
is put into place to somewhat remove some 
of the complexity. This is simply a reflection 
on methods which could possibly be 
implemented and taken into account when 
evaluating the reliability of the Eelgrass 
Tool as a good reflection of reality. 
Therefore, in order to not necessarily 
simplify the tool from a holistic view but to 
make it more usable, grouping would seem 
to be a good start. Furthermore, the 
grouping of these water bodies would be a 
very important method as water bodies 
differ in numerous ways. Nutrient loading 
has a large impact on the water bodies of all 
types and so large focus needs to be on the 
levels of nutrient loading in each water body 
and differs significantly from highly farmed 
areas and coastal areas as well as from 
country to country where climates are 
different. The changes from one water body 
are significant also due to the amount of 
water exchange happening in the water 
body itself as this accounts for nutrients 
being washed out at different speeds and at 
different amounts; water bodies in general 
have their own parameters to be considered 
individually from another water body. 
5.3 HOW IS AVAILABLE DATA REUSED TO FORM 
NEW DATA WHEN NEW STANDARDS ARE 
APPLIED? 
In most fields of research, gaining 
knowledge and understanding will usually 
involve conducting experiments and 
analysing the data from its results in order 
to form the most accurate and justified 
conclusions possible; and when collecting 
and analysing this data, standards need to 
be applied as they help regulate which data 
is relevant and how to interpret data 
according to the relevant project’s focus. 
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The standards used to collect data are also 
incredibly relevant to those who wish to 
replicate any experiment or other kind of 
method used to collect this data, in order to 
verify its reliability. As projects develop, 
there is the possibility of new, more 
relevant standards being set in place. With 
this kind of progress, it is futile to have to 
collect all the data once more according to 
the new set of standards, which is where 
certain methods are applied in order to 
reuse old data to gain new knowledge from 
it. 
One major checkpoint which most would 
never skip when manipulating another 
scientists gathered data is its full 
comprehension. It can become increasingly 
puzzling when working with data which has 
been collected by others, as the methods 
used might not always be completely clear. 
Gaining a complete understanding of the 
found data, would facilitate its 
manipulation, and thus decrease any 
possible errors in the process. 
In the report from DHI to Danish 
Agriculture and Food Council from 2010, a 
reference point on the spread of eelgrass is 
based on data dating back to 1880. This 
report has been criticised by DCE, one point 
of criticism was the lack of correction 
according to wave height, if this point holds 
true it would raise the question of the 
validity of the conclusion made by DHI (DHI 
2010). The goal of this chapter is to discuss 
the use of old ecological data to derive new 
knowledge and the validity said derived 
knowledge holds, with focus on the reports 
by DCE and DHI. 
When ecological data is being reused an 
understanding between the original 
creators methods and the comprehension of 
said data re-user has to be established, 
ecologists would deem data untrustworthy 
or useless without prior understanding of 
how it has been generated, which mostly 
comes from field experience (Zimmerman 
2008). In the case of the DHI to Danish 
Agriculture & Food Council, a reference 
point is decided upon according to a report 
from 2009, which refers to data between 
1880 to 1930 (DHI 2010). 
The report referred to by DHI argues that 
the area of time between 1880 to 1930 is the 
best reference-point of eelgrass 
distribution, as this would have been a close 
to stress free environment, indicated by the 
eelgrass having deep depth-boundary. The 
data used for this estimation is largely based 
on the speculation that the deepest 
recorded observations have a degree of 
coverage at 10%, i.e. 10% of the ocean 
bottom surface is covered by eelgrass 
(Krause-Jensen & Rasmussen 2009). In 
order to make sure that the data was only 
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representative of the main distribution area 
of the eelgrass, observations were chosen 
based on the criteria that each given field 
station did not have deeper observations in 
a given area of observations (Krause-Jensen 
& Rasmussen 2009). All this indicated a 
good understanding of the old data as well 
as thoughts on what data was to be 
excluded, which in turn allowed for new 
knowledge to be derived. 
 
6    DISCUSSION 
6.1  CRITICISM OF THE EELGRASS TOOL 
In 2011 a work group made up by 
representatives from the Environmental 
Ministry - Nature Department, Ministry of 
Consumable Goods, Agricultural Research 
Centre, Agriculture & Consumable Goods 
and DN, had the goal to evaluate the 
Eelgrass Tool as a model and to see if it is 
possible to make improvements on the tool. 
They held five meetings, where they 
consulted with experts from Syddansk 
University, Copenhagen University, Aarhus 
University, DHI and DCE. (Miljøministeriet 
Naturstyrelsen 2011). One big critic of the 
tool is that the tool does not incorporate the 
different kinds of water areas there are in 
Denmark, and instead just covers every type 
as one.  
It is hard for the eelgrass to return to the 
previous state it had in the environment for 
several reasons, one of those being that the 
niche is filled by other marine plants now, 
and that the scene can have changed 
drastically for the young stages of the 
eelgrass, meaning that the roots cannot 
anchor and therefore the plant cannot grow. 
The ecological structural change can be 
massive, in some cases it might not even be 
able to change back to the original state. 
This can be vital for plant and animal life, 
and in this case vital for the eelgrass plant, 
thus, the rehabilitation has harder 
conditions. 
The representatives all agree that the 
Eelgrass Tool is an important and useful 
indicator for the ecological state in marine 
water areas, where there, from nature’s 
side, are good growth conditions for 
eelgrass. In relation to the WFD, the 
indicator is also needed; hence the directive 
sets that flowering plants need to be applied 
as a quality element in marine 
environments. Common stocks of eelgrass 
has a high productivity, stabilizes 
ecosystems, and  works as a filter for 
nutrients in the fjords, and regarding the 
nutrient loads in the more open waters. 
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They all agree that the eelgrass, with the 
dissemination it has had in the Danish 
coastal area, needs to be in the classification 
of the environmental state in the coastal 
areas. That said; it needs to be underlined 
that the eelgrasses depth limit is not an 
indicator that can stand alone on itself in the 
long run and therefore there needs to be 
other indicators added. The depth limit does 
not tell us anything about the ecosystems 
significant density and dissemination of the 
eelgrass. Furthermore, the depth limit does 
not tell us anything about if the nutrient 
concentrations are on a level that is needed. 
(Miljøministeriet Naturstyrelsen 2011) 
One of the things the representatives 
discuss is that the eelgrass does not grow 
back in the same rate as they disappear, this 
is because the physical basic conditions - 
bottom conditions, sediment transport etc. - 
have changed significantly due to increasing 
nutrient levels, and factors such as fishing, 
removal of the stone reefs and other natural 
resources. This in short means that the 
potential for eelgrass to spread has 
decreased considerably.  It is therefore 
recommended to actively help the eelgrass 
by rehabilitating it.  They state that it is very 
important to keep surveillance the 
eelgrasses progress, and there by, keeping 
track of what to do in the future, to help the 
eelgrass in marine areas. 
Limitations of simulation models are the 
biggest issue concerning them and the 
results they provide as they may not reflect 
reality accurately enough due to the aspects 
these models consider and the aspects they 
do not. Furthermore, limitations also 
consist of considering the validity of the 
data the models produce as well as the 
uncertainty of the data results. Therefore, in 
order to combat these limitations revolving 
around simulation models focus needs to be 
placed on how the outputs are interpreted 
and handled. (Veihe et al. 2006) 
As is stated, DHI’s stance on this model is 
that it does not clearly or accurately reflect 
that the environmental conditions of Danish 
water bodies are due to nitrogen loading, 
thus they believe it is not a reliable tool as 
an indicator model. They believe that there 
is no connection between depth boundary 
of the eelgrass and the nitrogen 
content.  DCE contradict the DHI’s decision 
as they feel that the Danish waters have not 
become clearer and the depth boundary of 
the eelgrass in unchanged through the last 
20 years. DHI find the opposite and that the 
depth boundary has moved to shallower 
water. 
Studies of eelgrass were carried out by the 
Danish Nationwide Aquatic Monitoring and 
Assessment Programme (DNAMAP) 
beginning in 1989 which took place in open 
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coasts and fjords. Such studies collected and 
assessed data on the eelgrass depth 
distribution, whereas other less complete 
studies assessed eelgrass distribution in 
specific areas or the benthic fauna or macro 
algae with little focus on eelgrass. (Boström 
et al. 2014) 
According to some studies, eelgrass is 
considered to be an important indicator as 
it is sensitive to Eutrophication and it also 
indicates and reflects water quality over 
long time periods. Thus, when concerned 
with integrating this tool into the AEPs, it 
seems to be assumed as a reliable tool in 
order to evaluate the effect of runoff and 
excess nutrients due to its sensitivity. AEPs 
continuously aim to reduce the excess 
nitrogen leaching from agricultural lands 
into local and coastal water bodies, and the 
Water Framework Directive has this placed 
as a large focus point too. Although eelgrass 
is affected by numerous factors over 
varying time periods, it is affected by the 
level of turbidity in the water and the 
increase of salinity as well as increased 
precipitation which may also be due to 
flooding and increased run off. It has been 
found that the most important factor 
regarding the abundance and mortality of 
eelgrass is the water quality which is 
affected by, as mentioned above, turbidity 
as well as high epiphyte loads – non 
parasitic plants attached to the eelgrass. 
(Boström et al. 2014) 
 
The problem with trying to make the 
Eelgrass Tool incorporate more factors is 
that it becomes increasingly more difficult 
to work with. All the variables needed to 
make it a model that can reflect reality in its 
entirety, are too complicated to make. And 
as was established earlier, the beauty with 
working with a tool as the Eelgrass Tool is 
that it is so easy to use and easy to observe. 
The reductionistic approach also makes for 
a good foundation, a foundation which can 
later lead to more specific, detailed and 
complex model and research done on the 
same subject as following the view of 
holism. This means that when the Eelgrass 
Tool helps to come up with some 
assumption about the entire ecological 
system as a whole, and in most cases, show 
that the ecosystem in question is not in a 
“good ecological state”, therefore leading 
towards the main problems that need 
further research. In other words, the 
Eelgrass Tool gives an excellent overview of 
the problem with the ecosystems in the 
coastal areas. In opposition to this the 
holistic view of science paints a different 
picture, the holistic view would argue that 
the weakness of the model lies in its general 
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use, as the model can be used to describe 
overall water bodies it fails in its pursuit 
when looking at smaller divisions of said 
water bodies. This with the inclusion of 
shifted baselines and hysteresis leads to 
conclusion which are likely to be based on 
wrong foundations, for this pursuit a more 
detailed model would be needed to give 
reliable results in the future.   
 
7 CONCLUSION 
To accurately model an ecosystem is 
challenging. Some of the effects taking place 
when the system is fully developed might 
not be present in the earlier stages of the 
colonizing process, as is the case with 
eelgrass and the sediment it’s growing in. As 
more eelgrass stabilizes the top layer of the 
sand, less eelgrass is being pulled up by 
strong currents or wave action. If only a few 
pioneers are present, even vague currents 
and wave action can remove the eelgrass. 
Another example is the fact that many water 
bodies would be suitable habitats for the 
eelgrass, but because no population is close 
enough to distribute to these waters, they 
will get populated at a much later stage than 
any model could predict. The Eelgrass Tool 
was chosen because it is the closest tool, of 
the few candidates, to correctly model 
eelgrass growth, but it does not reflect 
reality in a satisfactory way; however, that 
does not mean it should be disregarded. 
(Statements from EU/miljøministeriet on 
the fact that they want better ecological 
standards) If that is the goal, we should 
rather reduce more than the model predicts 
we should. 
Due to the numerous factors that play a part 
in the sustainability of eelgrass that are 
mentioned above, it is hard to determine 
which factors play the larger role or 
whether the mortality of the eelgrass is due 
to multiple factors over a long period of time 
or combined factors at once. Abiotic factors 
such as nutrients, salinity, temperature and 
light have an effect on the growth and 
mortality of the eelgrass. Thus, proving the 
study of the ecosystem structure and 
functioning of the eelgrass communities to 
be incredibly broad requiring focus to be 
spread across these areas in a general 
manner. Due to this, it may be hard to 
determine how reliable of an indicator tool 
it is, however, it should not be determined 
as an unreliable tool based purely on the 
fact that it is the only tool known to be an 
indicator tool. 
 
The urge to simplify the eelgrass model is 
not beneficial for the result, as ecosystem 
responses are crucial to the rate of re-
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colonization. In light of this, a holistic 
approach to modelling of an oceanic bio-
indicator may prove more useful than a 
reductionistic approach, and while such a 
model may be difficult to use, it may prove 
to be a much more rewarding endeavour in 
the end as opposed to simplifying how the 
ecosystem works. On the other hand, if the 
reductionistic view is to be kept, further 
research needs to go into the reference 
conditions of the water bodies before the 
model is put to use in order to avoid shifts 
of baseline, thus concluding on flawed 
results. 
From this study, it has been concluded that 
taking a holistic approach would be a more 
reliable option due to the level of detail 
involved which leads to a greater reliability 
of the tool and a greater accuracy on the 
results produced. As mentioned earlier, this 
would involve numerous more studies on 
each eelgrass site studied, as it becomes a 
much more elaborate analysis on each 
specific site. 
The reductionistic view of the Eelgrass Tool 
is not a futile option though, considering its 
favourable points, as was analysed earlier, a 
method of incorporating groupings the 
most influential properties of the water 
bodies may lead to a relatively more usable 
and somewhat simpler way of applying the 
tool, which may reduce the chance of this 
indicator tool to be misused and allow for a 
more general study and understanding of 
the water body conditions and its effects on 
the eelgrass growth.  
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9 APPENDIX 
 
9.1 INTERVIEW WITH SØREN LAURENTIUS NIELSEN 
Key: 
Søren Laurentius Nielsen →  N: 
Mikkel Coff Ganes →  G: 
Anne Marie Rubæk Holm →  RH: 
Aske Hansen → H: 
 
G: It is the 9th of October, and we are sitting here with Søren Laurentius Nielsen, and Soren we 
have a couple of questions to ask you about the Danish Aquatic Environmental Plan (AEP). 
RH: There is a debate concerning how much the Danish water bodies actually contribute, in the 
bigger picture, to the open waters of the Kattegat, etc. What is your opinion on the debate? 
N: Well there is no doubt that in the open waters - and open waters here means the open 
Kattegat, for example, the belt sea, the greater belt and the little belt - there is a large input from 
other sources, and that is especially the outflow from the Baltic. There are numbers for that, 
they are a little bit variable, I think it’s something between thirty and fifty percent, I can’t 
remember the numbers. 
H: No, but we should have sent you the questions if we wanted exact numbers. 
N: Yeah, if you wanted the exact numbers, I could have looked them up; but there are numbers 
for that, and there is no doubt that in the open waters there is a large influence from the 
emissions from other countries. There’s the Kattegat, the belt sea, there’s an outflow from the 
Baltic Sea in the Skagerrak and also in the northern part of the Kattegat, there’s also an inflow 
from the so called Norwegian stream that comes down the coast of Norway and into the 
Kattegat, and the German stream that comes up along the coast of Jutland. But this is the open 
seas, and the fact that there is a big influence of nutrients that do not come from Denmark in 
the open seas, is sometimes used to confuse the whole debate about this thing, because if you 
look at the inner waters of Denmark, the fjords, there’s no doubt that it’s a one hundred percent 
contribution from Denmark. So the external contribution matters when we talk “open sea”, but 
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it doesn’t count when we talk: Roskilde Fjord, Isefjord, Kalundborg Fjord, Randers Fjord, 
whatever; all the fjords and all the narrow, shallow waters close to the coast line. 
RH: What was your role in the development of the debate and the Danish AEP in total? What do 
you think your role was? 
12:44 N: I didn’t have a role in creating the debate as such. There’s a model, so called model or 
relationship or equation that bears my name. That was done quite some time ago, it was back 
in the early nineties, and it was part of a research program that was actually carried out with 
the first connection, with the first water framework, for the first water directive, the 
first  Danish water plan, because the first vandmiljøplan, the first action plan for the aquatic 
environment was not only a set of guidelines for nutrient loading, it was also a number of 
research programs that were supposed to help managers and politicians to decide on those 
limits that were acceptable. The later plans have only been like actions plans, rules for how 
much could be… how high the loadings could be, but the first pact came allowing with the 
research programs to elucidate “where were we” what kind of loadings could be tolerated. So 
together with colleges I did a part of what was called the C90 research program, and you can 
find all of the reports in Danish from the C90 research program in the library, I’m sure. This was 
report number 30 and it dealt with nutrients effects on eelgrass distribution in Danish waters, 
and what the background was that we got a lot of monitoring data from the Danish counties; 
back then there was an organisational level in Denmark called the counties between the 
municipalities and government, so Denmark was divided into a number of counties, I think 
there were 12 or 13 counties, and they had the responsibility for the environmental monitoring. 
So we got monitoring data from them on the nutrient concentrations in the water, models for 
calculating nutrient loading had actually not been developed yet at that time; so we had nutrient 
concentrations measured in the water, we had phytoplankton biomass measured as 
chlorophyll, we had Secchi Depth measurements of water clarity, we had the amount of 
suspended matter, and we had depth image of eelgrass and macro algae as well. So we were 
able to establish a relationship between these parameters and eventually also a relationship 
between total nutrient concentration in the water and eelgrass depth limit, how deep the 
eelgrass could go. And that was it. A very nice report was put on the shelf, and not really used 
for anything until many years later. 10 years later when the people in the counties and in the 
ministry of environments were tasked with coming up with finding some kind of way to assess, 
first of all the ecological quality of the coastal water, and also which changes in the ecological 
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quality was acceptable and what kind of human activity nutrient input as an important 
parameter could be accepted to maintain a certain ecological standard. And that was actually 
not only… that’s not a pure Danish thing, that is a European thing, that’s a water framework 
directive thing that is actually carried out in all of the European Union. So you have these… you 
have a graduation from good ecological standard to bad ecological standard in the environment, 
and then you have a political decision about what you want to be on that, you can accept some 
changes in the ecological standard, but you can’t accept to have a bad ecological standard. The 
problem, that is to come up with some numbers that would tell you “where are you” in this good 
to bad ecological condition and what can you accept that happens in the environment to stay 
on that part, and they needed some kind of way to quantify this and then they looked into these 
relationships between eelgrass and nutrients, and the reason they did that was that Denmark 
is in a quite unique situation because we actually have data on eelgrass distribution all the way 
back from the late nineteenth century, 1890s, so we… when you have to access what is the 
ecological standard and how much has it changed, you need to have some kind of background 
value. So they took… okay so we have eelgrass data back from the eighteen hundred and 
nineties, and we do know that, for sure, and that is not up for debate, that eelgrass is a very 
important organism in the coastal waters, not only in itself, but also because it defines a whole 
type of ecosystem with fish and shellfish in it, and once the eelgrass has gone, you get 
resuspension of the sediment and so on. So eelgrass is an important organism because it defines 
a whole ecosystem and we have this data, in the records of our data all the way from the 
eighteen hundred and nineties. Eighteen hundred and nineties, and we said “Okay. Eighteen 
hundred and nineties, we don’t have anything older, so this is the baseline value. This is a good 
ecological standard”, we hoped that not much had happened back then. This is before the 
industrialisation of agriculture, so this is the base line, and we said this as one hundred percent, 
this is a good ecological standard, one hundred percent. And then, we have that as a hundred 
percent then you need something else to decide where you on that scale, that’s why the 
relationship we had done earlier, ten years earlier something between nutrient concentration 
and eelgrass depth, came into use, because now we had the eelgrass depth from the eighteen 
hundreds ninety something as a hundred percent and we had present days eelgrass distribution 
and nutrient concentrations and that relationship could then be used to calculate if we want to 
go back to one hundred percent, how much did we have to reduce nutrient loading. Because in 
the meantime they had also developed models that could tell you if you wanted a specific 
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nutrient concentration, what nutrient loading could you accept from different areas, different 
catchment areas draining into different fjords and other areas. So you have a baseline, you have 
a relationship between nutrients and eelgrass, and that can be used to say, “okay we can now 
calculate if this scale from 0 to 100%, based on eelgrass, we can use what was then become 
known as the Laurentius equation or relationship or whatever as a tool to calculate how much 
nutrient can we accept to have, if we want to have a certain distribution of eelgrass. And then 
the political decision was of course that, we cannot go back to one hundred percent, but… I think 
its seventy six, they ended up on seventy six percent, or something very political, not a round 
number, but a strange number, seventy six or something. Seventy six percent is acceptable. It’s 
the limit between good and bad. The green area or the yellow or red area, that’s seventy six 
percent of what it originally was. And then the equation that carries my name was used to 
calculate: okay, this was the eelgrass target so then want can we accept of nutrient loading. So 
that was my role. And then I have been a little bit active in the debate in some cases where I 
thought where the people, I mean if we are going in a really wrong direction, if the people 
misunderstood what we had done back then or if people accidentally or deliberately 
misunderstood what the whole thing was about, what the science behind it was about. 
RH: So this misunderstanding, how did… you’re saying that they could misunderstand it, how 
do you think that is? 
13:20 N: Well one… a real problem, and that is a real scientific problem, and a very interesting 
scientific problem, is actually that, what we did back then was that we described a relationship 
between nutrient concentration and eelgrass depth limit, and I think it describes quite well 
what happened when the eelgrass disappeared as a consequence of increase in nutrient 
loading. But there have been some changes in the marine ecosystem so that, now that we are 
actually seeing an oligotrophication, as we are actually now seeing a decrease in the nutrient 
concentration in the waters, that’s for sure, we don’t see the expected increase in eelgrass 
distribution, so it’s not moving in a straight line, it’s not like “okay it went downwards that way 
when we increased nutrients, and now that we are decreasing nutrients, we are not going up 
against… along the same line” that is what we could call a hysteresis in the system or baseline 
shift in the system, and there is a very good paper written by a guy called… this is not only a 
Danish problem, it’s a well-known ecological phenomenon, and there is a paper by Carlos 
Duarte, and co-workers, that’s entitled “Return to Neverland”. 
G: We actually talked about that one. 
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13:47 N: That’s a very good paper to read to understand that phenomenon. And that’s what we 
see now, I mean we have this hysteresis and/or baseline shift, and I’ve also been involved in 
research projects trying to find out why we see this, and I’m quite sure that a lot of it has to do 
with the sediment, the sea bottom has actually changed as a consequence of eutrophication. It 
has become much more rich in organic matter, it’s more muddy and it’s looser and also with a 
higher content of sulphite which is toxic to plants. So it is a… the changes happening in the 
ecosystem as the eelgrass disappeared, are now actually blocking for the return of eelgrass, so 
there’s some more or less permanent changes in the ecosystem, or there are some changes in 
the ecosystem that have to be dealt with before the eelgrass can recolonize. This is a real 
scientific phenomenon and it’s well--known from ecology, and it has been used by some people 
in different degrees to say that, “well, it’s clear from this that the Eelgrass Tool”, as it’s also 
called, the whole thing about assessing ecological standard from eelgrass, some people say that 
“it’s clear that the Eelgrass Tool doesn’t work”, and in a way they have a point because we have 
this hysteresis phenomenon, but some people have also… we have an interest in eelgrass, we 
should care about having eelgrass returning because eelgrass is an important plant, it is 
defining a type an ecosystem that we want to have. So eelgrass ecosystems are important, so 
we should not, as it has led some people to say or think that eelgrass doesn’t matter, eelgrass 
does matter in the ecosystems, but it’s true we have real scientific problem in describing effects 
of the beneficial changes that are going on right now. But then if we have an economic interest 
like the agriculture does, it’s sometimes… they kind of say that since… they say different things 
actually. “We cannot use the eelgrass” and then they say “well, we cannot document…” “We 
don’t see the changes in this eelgrass thing that we are supposed to, so we shouldn’t do any 
further reductions in nutrient loading until we have another tool or until we know where we 
are”. But if you read up on the hysteresis phenomenon, it’s about threshold values, its actually 
not an argument for not reducing the nutrient level because the biology… the science behind 
this actually says that, “well you have to reduce even more to get a change back towards the 
situation we want to be in”, and this is because the ecosystems has a tendency to be stable until 
they reach a threshold point. So the eelgrass system was stable as eelgrass systems until a 
certain threshold point where it crashed, and now that we are reducing nutrients we are not 
returning to the stable eelgrass system at that relatively high nutrient concentration where it 
crashed, we would have to reduce even further until a new threshold where we can go back to 
a situation looking more like the original one. 
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H: And you think so too. 
N: I think so too yeah, this hysteresis phenomena are quite well documented form different 
types of ecosystems, not only this… I trust that science and… so therefore I don’t think that the 
lack of response on the eelgrass should not be used as an argument not to do anything, It should 
actually be used as an argument to do even more, or to continue on the same path. That’s my 
view point. 
RH: Would further studies regarding the hypoxia in the Danish aquatic environments have 
changed the implementation of the AEP, you think? 
18:17 N: No, I don’t really think so. These things are actually relatively well documented. We 
have the advantage here in our part of the world that we have a lot of data to work on. Actually 
it has become a problem in more recent years that, for economic reasons, the environmental 
monitoring programs have been cut back. So we are actually in a situation where we right now 
have holes in our data series, that we haven’t seen since world war two. If you look at the whole 
data series, there are very nice data series from all of the twentieth century, more or less. Of 
course it’s a little thinner when you get closer to the year nineteen hundreds, but then are more 
and more environmental data, and then there are very distinct holes during world war two of 
course, because they didn’t go out on boats and monitor the environment during the war. And 
then there are very, very good data series from the mid-sixties, especially from the mid-sixties 
up till the year two thousand and something, there are very, very good data series, but now I 
have been cut back, so the problem is rather actually more like documenting what is going on 
now, more than understanding what went on in the past. I don’t know if that answers your 
question, but I don’t think that... we are lacking recent data, not more than we are lacking 
historical data and understanding of when… we understand what went on during 
eutrophication very well, but we have difficulties in documenting what is going on now during 
oligotrophication because the monitoring programs have been cut down. 
RH: Bjorn Lomborg has raised criticism towards the AEP implementation. Lomborg describes 
it as “a rushed and panicked driven decision”. What is your point of view on the matter? You 
know what documentary I’m talking about, right? 
N: I haven’t actually read what Lomborg said about that, because I think… he certainly has his 
own agenda, but he also has some points actually in what he is saying. Basically it’s about the 
economy… I mean, from his point of view I think it’s about the economy, and what you want to 
spend your money on. And what you want to spend your money on depends on what do you 
35 
 
think is the problem. Just think about your own economy, what do you need? You need to buy 
the textbook for the course you’re taking, you also need food, so maybe you can’t afford a new 
pair of jeans, or you prioritise a new pair of jeans, and then you have to borrow somebody else’s 
old textbook or something like that. It’s about prioritisation in the economy, and that’s really a 
political question. Anoxia at the sea bottom is for real, there is also no doubt that there are some 
areas both in the Danish waters, southern part of the little belt for example, and also in the 
Baltic sea where anoxia is probably a very natural condition, but there is also no doubt that 
these areas have enlarged a lot in consequence of eutrophication. For me, the extent of oxygen 
free areas, these dead zones in the sea are more like they are indicators, they are canaries in the 
mine, and they show us how bad it is. The real worry I think should be the coastal ecosystem, 
eelgrass systems again, because they are really important for… they have a lot of ecosystems 
services associated… you should look into the ecosystem and ask yourself “what is this 
ecosystem actually supplying to us?” This is what’s called ecosystem services. Unfortunately, 
working with the ecosystem services is something that’s still in its infancy, in a way. It’s still not 
very well developed, how to put numbers, especially money values into ecosystem services. 
 
